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|4ote Oft Imgatioft ift the Bikaftet^ State, 

RAJPUTANA. 


1. The area o£ the Bikaner State is 23,311 sq. miles. It is bounded on 
the North- West by Bhawalpur, aMohamadan State; on the North-East by 
the British Districts o£ Sirsa and Hissar in the Punjab; on the East by Jaipur; 
on the South and South-West by Jodhpur and Jaisalmere. 

The Southern and most o£ the North-Eastern portions o£ the State form 
a portion o£ the vast sandy tracts known as the Bagar; the North-West and 
part o£ the North are in the great Indian desert. 

The North-East corner adjoining Sirsa is the least unfertile section, as in 
good years it is well flooded b}*^ the Satra. From the eitj' of Bikaner, South- 
West to the Jaisalmere border, the country is hard and stony, but throughout 
the greater part of the territory the plain is undulating or interspersed with 
shifting sandy hills from 20 to over 100 ft. high, whose slopes, slightl}' 
furrowed from the action of the Wind, suggest the ribbed appearance of the 
sea shore. Generally speaking the villages are far apart, and though grass 
and Jungle bushes here and there abound, the aspect of tlie country is dreary 
and desolate in the extreme. Trees are rarely seen. During and after the 
rains, the country however wears a very different aspect, becoming a vast 
green pasture land, covered with the richest and most succulent gi*asses. 

2. The Bikaner State contains no rivers or streams. In the rainy season 
a “ nallah ” sometimes flows from Shekhawati over the eastern border but is 
soon lost in the sands. 

The Ghaggar called also the Sotra or Hakra in the Punjab, once flowed 
through the northern part of the Bikaner terrltoiy; but it is now dr}’, and 
wells are dug in its bed, where it is said the only sweet water in that region 
is to be found. During the rains however it sometimes contains avater for a 
few miles of its course, and the Tibi, Hanumangarh and Sursrtgarh Perganahs 
are greatly benefited by it. By the construction of headworks at Otu I'.ear 
Sirsa in the British territory, the water of this river is now utilised for feeding 
two canals, which form the most important Irrigation works of the State (see 
para 13. ) 

Some water from the Western Jamuna canals occasionally enters the State, 
West of Hissar. 

The sometimes superfluous water of a branch of the Sirliind Canal also 
occasionally waters a few villages, lying in the north of the State but Irrigation 
from this source is always uncertain. 



r.. Tco little fresh trnter lakelet? formed hv the drainage off the rocky 
rft;intrv S'iiith-Wert »)f Dikaner, lie on the route from .Bikaner to Juisalrnere. 
The first Gnjiwr. 18 miles from the capital, has clear water and a wooded 
tnurgin. It is perhaps the only pretty spot in the Territory. Tlicre is here 
Palace and a Garden watered from the lake. 

The other lake is .>-ituated at Kohut, 12 mile? further on. It is a jilace of 
«;tni!;itv and th’ere are Ixuhing glmts and some fine Pipal trees. 

Both these Tank? depend on tiie niinfidl, and the water in them dries up 
in ye;ii> vdien the full i.<5 small, a frequent event in Bikaner. 

-{, The lake of Clilmpar, in the Sujangarh district, was the principal source 
of llie .salt snpjdy of Bikaner, hut it is now closed in accordance with a treaty 
with the British Government. Mr. Standlcy, the State Engineer, notes on this as 
follow.'-; — 

“ Clihajt'ir Bund — There is a small range of hills in the South-West corner 
of the State a few mile.s from Chhapar and Sujangarh, There is a well defin* 
cil nallah that comas down from these hills and finally lo.scs itself near the 
village of Gopalpura. Wlien tliey have fairly heavy rains, the water fills the 
“Tlail” nan- Clilmpar for one or two feet, and I am told stays there for over 
a fortnight and I am given to understand that no use is made of that water. I 
think the .«oil in parts there, is a bit saline. A survey of the whole catclimcnt 
and “Tliid" with all the nallas will be made this 3 ’car, and it will theti be 
ilceided what is tlic he.st thing to do Avith the Avaler, Avhether to store it or to 
utilize the flood water straight as it comes down, by diverting it to lands where 
crop.? could bo raised, ” 

' 1 . I’rum Avant of Avatcr, trees are scarce in the State. There is an exten- 
•■i VC belt of I’abul trea? near Hanmnangarli .‘jclfgrown Avliicli stretches for about 
10 mile? in length, Avith a Avidtli varying from 2 to 4 miles along the drj' bed 
of the Gliaggar, 'riie Xazirn of Ifamunang.irh, Laljiinnl, an inteliigentand ai])- 
able ofiiciT .‘•trongly advises the clearance of all the larger tree.s in (his Forest. 
He says notliing ciii he now grown on this land, that sooner or later Avhon 
th“ trci;? ihH'ay they will rKilise little; where as if sold noAv, there Avould be 
<xi!i*tif{f'nihlc profit on the Avood, Avhich OAving to the proximity of the Kailway 
i.“Oi he ca'iily di.sp<i‘-o.d of; and Avhiie the younger trees could be groAving up 
the luid which is guy<l soil could he cultivated, and as it is commanded by the 
Ghaggar canals, could Ih; irrigated and bring in n good returji. 

hi n trcele?? mimtrA* like Kiknncr, one natumlU- hesitates to reconmiend 
catting doAvn tos,-' anvAvhere; at the Himc time the reasoning of the Xazim 
i‘ sou!;rI. uud it re?t.? Avith the Durbar to satiction it or not. 

iVthap? a p.-irtion of the an’a might Ih; cleared n.n ati experiment, 'i'he 
w'onld si;ew if it aa-.'h desirable to do more or not. 

'rhere is u branrh line of tlie Unihvny nlready made f^mi the .«tation on 
the ui.i:n lin-* to the town of Hamimangarh Athich Avil! facilitate the removal of 
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wood. All Bikaner may be said in the rains to be a pasture ground; about 
Hanuniangarli tothc^vorth, tlie grazing is famous, but after rain, good gniziiig 
is almost everywhere to be found. 

G. The rainfall is exceedingl 3 f capricious and uncertain tlirougbout the 
State and on account of its geographical position the country is liable to con- 
stant droughts and to frequent cycles of continuous deficiency in the mon- 
soons. The average rainfall of the 4 administrative divisions based on sta- 
tistics for the years 1891 to 1900 is as follows; — 


Bikaner ... ... 9’84 

Sujangarh ... ... 13‘60 

lleiii ... ... ... 12"57 

Suratgarh ... ... 9"81 

and for the whole State ... ... 11'45 


The rainfall is gencrall}^ better in the Eastern Tehsils, than in the Northern 
and Western portions of the State. It seems to diminish steadily from 
East to West. The average rainfall in 1898 amounted to 6 inches 11 cents 
or a little over one half the normal. In 1899 it amounted to only 3 inches (> 
cents or about ^th of the normal; the Kharif was a total failure; ns of 841383 
bigbas brought under cultivation, crops were produced on only 5623 biglias. 
The Rabi of 1900 was also extremely bad. Owing to the scarcity of fodder 
the loss of cattle was very heavy and is estimated at of the number existing 
before the famine. The State entirely depends on rainfall for its agricultural 
prosi>ects. 

7 . The ^laharaja of Bikaner is keenly alive to the welfare of his State, 
and evidently takes an interest in Irrigation, and knows the benefits that arc 
derived from it. At a State banquet to Sir Arthur ^lartindale A. G. G. for 
Rajputana on the 14th January 1905 in his speech alluding to Irrigation he 
said: — 


“During the present financial year Rs. 20,000 have been devoted to pro- 
idding wells for Irrigation, improving existing tanks and wells and making 
new ones where required in the districts, besides Rs. 10,000 set apart for Irri- 
gation, wells, &c., in the Revenue Department Budget, and it is proposed to 
make similar arrangements in future years. With the help of Mr. Standley, 
our Executive Engineer, who has had considerable Irrigation experience, we 
are, wherever possible, also arrranging for the c onstmetion of Irrigation 
works. 

A bund at Mudh in the Magra tract, estimated to cost about Rs. 20,000, 
is nearing completion, while some other projects have been surveyed and arc 
under consideration. 

We have taken advantage of the Government of India’s kind offer of assiss- 
tance bj- inviting Col. Sir Swinton Jacob here towards the end of this month 
who will personally visit the projected sites and further advise us. 
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Of cotirsc in mv stnte, such places are few and for between, and although 
it is too cnrh- vet to speak more definitely, we are inclined to think, that 
another cinal can be brought into the State and we hope later to ask for assis- 
tance from the Government of India and yourself in the matter.” 

The iMnlmraja in his tours of inspection has personally made investiga- 
tions with reference to Irrigation. In the last Administration lleport it is 
noticed that after a hea\w fall of rain he went to inspect some places which 
were considered suitable for Bunds etc., for Irrigation purposes. 

In January, 19C4 he visited Otii, the headworks of the Ghaggar canals 
witli the Superintending Engineer for Rajputana, iMr. G. G. Wliite; the 
Revenue Secretary, and the State Engineer ( Jlr, Standley ) ; where a con- 
fenmee was iield -with the Government Executive Engineer in charge of the 
canals relative to various points in connection with the canals, wdiich are 
considered unsatisfactory and prejudicial to the interests of the State and 
these matters were discussed. 

He {dso went to Pakki and Kotha and “inspected the small canal at the 
latter place which used formerly to supply water to the Bikaner villages but 
no water has lately been received from the Punjab side for Irrigation purposes.” 

In January, 1901 he also visited Sulkhania to note the effect of water 
during the rains from the Katli River, from the Shekhawati side in the 
Jaipur State. 

Ilis Highness also came with us to see the work at Madh and the sites 
at Pilap and at Ciinudni, places he had himself discovered ns suitable he hoped 
for Irrigation "Works. 

All these instances sboAv the personal interest which the Jlnlmraja takes 
in the subject. 

Rates of 
assessment 
nvernge 
yield of 
crops. 


The average yield of crops in cwt., per acre i.s ns follows: — 

B.ajra 21 cwt., Moth 21 cwt., Wheat .*>2 cwt,, Ikarlcy 7 cwt., Gram 
cwt., Jlustnnl seed 3* cwt., Rape seed -il cwt. 

Rotation of crops isunknown,a.s the State pro] uccs only one crop in the 
Kharif season, cxcejit a small portion of it, w-horc the Rahi is sown in thesuc- 
rteling Kharif, so to obtain the full adwntago. of the Kujterior tillage, 

9. The Kha’cci ifarlion compn^e.s; aBotit I of the State, the remaining 
I includes the Jagirs or E-itrstes of Thaknr?, 


S. The land i.s asso.-.sed at the following rales per acre. 

Maximum Minimum. 

"Wetland ... Rs, 2 J1 .3 

Dry „ ... „ 0 6 0 0 4 0 
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Population. 


Villages, 


Famine. 


10. In 1881 — 509,021. The decline in 1901 "was due to the great 
189 L — 831,955 scarcity and famines of 189l;-I892j 1896, 

1901 — 584,627 - 1897j 1899,~ 1900 and the consequent 

migration of the • poor and affected people to the adjacent districts of tlie 
Punjab, Bhawalpur and Sindh. Although population is likel}’- to increase 
wherever water is obtainable and other conditions are favourable, the scarcit}' 
of population over the greater part of Bikaner and the larger area taken up b}’ 
the ranges of sand hills, will form serious obstacles to Irrigation; in fact, in 
a great portion of the State, will make it impossible. Still there are directions 
in which it is believed something may be done and these will be considered 
further on. 


The agricultural and pastoral classes of the State comprise according to 
the last census 71'03 per cent of the total population or 415,261 souls. The 
percentage on the agricultural population of actual workers are 62'86 and of 
dependents 37*14 per cent. 

The agricultural community is for the most part poor; their camels, kinc 
and sheep are a great resource to them. 

In the central sandy track of the State there is practically only one har- 
vest, the Kharif; Rabi cultivation, and that only in years when rain falls at the 
proper time, is confined to the Suratgarh Nizamat, to the two Eastern Tehsils 
Nohar and Bhadra, to a small area in the North-East corner of Tehsil Rajgarh 
and to the Tehsil Sujangarh. In the more sandy portions the Kharif crops 
consist almost entirely of Bajra and Moth. A very small quantity of Til and 
Jawar are sown in the more level and loamy spots. 

The principal Rabi crops are Barley and Gram mixed. Next to these 
Rape seed occupies the largest area and it is the chief Rabi crop in the Surat- 
garh Tehsil. 

In the portion of the Nali area reached by floods. Wheat is sown. 

The State produces some excellent fodder grasses in various parts and in 
years of good or fair rainfall these places are among the be.st grazing ground 
in India. 

11. The number of villages is 2101 but villages in Bikaner are so fre- 
quently abandoned and repopulated that the number existing at any time can, 
it is feared, never be precisely ascertained. 

Villages are situated at considerable distance from one another; this and 
the sandy ridges which extend for miles around them, make Irrigation hopeless 
in a large portion of the State. 

12. Though Famines are frequent, the mass of the people possess no 
store of grain wherewith to meet them, and when they occur, either migrate 
or depend on charity or grass seeds. 
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In September J 89 1-02 T^’licn relief operations became necessary they ■were 
satisfactorily carried out by the Regency Council under the supervision and 
guidance of tlic Political Agent, Mr C. S. Bayley. The works consisted prin- 
cipally of digging of Tanks and the sinking of a few Wells. 

In 1806-97 there was great scarcit}*, 25,000 to 30,000 persons are said to 
have left the country, of these one half is said to have returned. Nearly 33 
jier cent of the cattle are reported to have died in the area affected. 

The relief works opened at the different centres, consisted mostly of dig- 
ging of Tanks, but the two principal works on which peoj^le were largely 
employed were the Ghaggar canals and the Railway extensions. 

The excellent way in which the Nazim of.Hanumangarh,Lal 3 imal, super- 
vised Relief operations on the Ghaggar canals, appears to have merited appro- 
val of the British Officers who inspected them. 

In addition to the State relief works the digging of two private Tanks 
was started Iiy Thakur Jagmal Singh of Bai and Rai Bahadur Seth ICastur 
Cliand Daggit, to helj) the people in finding employment. 

13. No canal work has been done in the State except from the Ghaggar. 
Mr. Stondlcy, the State Engineer supplies the following note: — 

“These canals used to bo managed by the Hissar Division of the W. J. 
canal, but since April 1904, the Bikaner sections of the canal, have been hand- 
(rd over to the management of the State itself. These canals have been cons- 
tructed since 1897 from which year too, they have been running. From the 
completion Report Rs. 6,19,100 were expended on their construction out of 
whicli Ks, 2,79,679 were paid to the British Government, ns contribution by 
the Bikaner St.nlc. But licsidc the above sum tbe State spent Rs. 1,84,309 on 
canal Famine Relief AVorks, so that altogether these canals have cost the State 
Us. 1,63,988 or Rs. 116,7‘ll more than the anticipUad Bikaner .share provided 
in the Revised Eitirnate of 1900. 

Acwnling to the figures supplied liy the Revenue Department, it appears 
that the total rcccipt.s for 1897, tiie first yc.ar thccinals were opened until end 
of March 1904, were aliout Rs. 69,000 “after deducting Remissions ” j. c. 
averaging Rs. 9,900 apiiroximatcly per amiunn 

The total amount i>aid to Government for maintenance and repairs and 
man.ngcmcnt etc. eomo' to Rs. .53,000 appro.vim.ately, or alxint Rs. 7,600 pfT 
anmuu, that i** the net benefit tbey were getting amountcsl to Rs. 2,300 per 
.'uunim, wbteb only represents iiIkhU h per cent on tlic c-.tpital outlay. How- 
ever since We have t.akeu over ebargeof the Bikaner section, tliitigs are liHiking 
wc Imve <!one tbe; biggi^st Kbarlf up to d.atc tliis y«ir 7. c. 10,696 acres 
with a total Revenue of Rs, 23,714. The Rubi figures are not in vet 
but prolwbly they will atnount to 400 or 500 ach's and will pro<Iuc(; abmit 
Rs. 300 or 400 as tbe rate riurged U only tor Babvoor 4tl» class rate. 


Allusion 

toCliBEgar 

canals. 
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Tanks 


Ojar total expenditiu-G to date is about Rs. 7,000 and will probably 
amount to Rs. 10,000 b 3 ' the end o£ March, so after deducting remissions etc. 
I expect the net profit ^YiIi amount for the financial j'car to Rs. 8,000 or 8 , 500. 

But there is still a lot to do to improve the channels and distribution of 
water. Large maps have been made showing all the outlets and water courses, 
and tlie fields, all high lands which are above command, unculturable .soil, and 
good soil, so that at a glance, it may be seen where the water should be utilized 
to the best advantage; with the construction of several new minors and the re- 
duction of the sizes of the present outlets, or the remoTOl of those badly situa- 
ted, it is hoped that a much bigger area will be obtained in future. 

Both canals have been levelled with the object of being remodelled from 
the Border to the tail. Several new outlets were given and the South canal 
was extended a couple of miles about. It is hoped that the improvements con- 
templated will be enough advanced before the next miny season to show a very 
marked result in the Irrigation during the next Kharif and Rabi seasons,” 

In his evidence before the Irrigation commission Jfr. Sydney Preston 
speaking of the Ghaggar canals saj-s in bad 3 'ears the 3 ' dr 3 ’^ up and in wet 
years they carry water which no body wants, shewing the necessity for a bet- 
ter distribution of the water to lands w’hich need it. “page 31 Question 275” 

It will be seen that Irrigation has been carried .out from these canals but 
the area irrigated depends upon the nature of the floods in the River. The 
brick culverts at the heads of the minors are not provided with shutters and 
the water is not under control, nor is it known whether the water is all properly 
used or not. It is quite possible that better returns will be got from these 
canals if these two points are attended to. It must be remembered that the 
value of water on good land is greater than on poor land. 

It will be seen from !Mr. Standley’s note above, that he is quite alive to the 
importance of these points; the large scale maps he is having made Avill show 
what land is noAV irrigated, which is the good land and what improvements can 
be made. He evidentl 3 ' takes a keen interest in the work and the experietvee 
he has had in canal Irrigation will no doubt prove an advantage to the State. 
I consider the improvements he suggests very necessary and suggest that 
the 3 * should be carried out without dcla}'. It is in the better distribution of 
the water and proper control that improvement is possible. 

14 There is no Tank Irrigation in Bikaner. The tanks ns a rule are 
used for storing rainwater for drinking purposes. They arc generally small 
ponds, often mcrel}' dug out of the ground and the earth thrown up into an 
irregular bank, and in 3 'ears of deficient rainfall do not fill, or soon dr 3 ' up. 

The State Engineer ( Mr. Standley) has prepared a memorandum on Irri- 
gation Tanks, in which he gives his ideas as follows: “See Appendix E.” 

It will be observed he advocates a S 3 'stem of small Tanks of sufficient 
capacit}' and depth to hold the drainage of its omi small catchment area 
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and to make no tank more than 20 acres in extent. The tanks to ko made 
of one uniform midtii, and in order to minimise excavation, 105 ft. is the 
maximum width to be adopted, as it is a convenient lead for the Earthwork, 
and the rate can l)e fixed uniformly with reference to tliat type of tank. He 
sHirgests making the dejith about ft. perfectly level everywhere, as calculated 
to Iw enough to hold out against the effects of evaporation and absorption 
until nlxnit the 15th November and he gives a table shewing the probable 
cost of tanks of this type, from an area of one to twenty acres. 

He allows that this is not the most economical way of storing water, but 
thinks it will be the best way of minimising percolation and absorption, and 
tliat the returns on a 20 acre tank “costing Tis. 11,000” will be about 2 per 
cent on its capital in any ordinary year of average rainfall. 

He suggests Diatra, as a good place where a couple of 20 acre Tanks 
may be made; and data from these accuratcl}’^ obtained about evaporation, 
absoqition and percolation, which will be of value in the design and construc- 
tion of any future works. 

1 have not scon Diatra so am not able to give any opinion on this site, 
but l)crorc carrying ovit any work of this sort I think it would be well to as- 
certain what becomes of the water us it is; is it used anywhere ? for I under- 
stand that in alt these cases no water can escape, owing to the surrounding 
high ground; and that where it settles, as the water dries up, cultivation is now 
generally carried out. If so, unless better use can be made of the water, it is 
no use to spend money in storing it. 

There would be the chance of the area exciivated uniformly 3 ft. deep 
being silted up sooner or later in some places; still the conditions of the 
countrj' arc so different to what is met Avith elsewhere, that I feel diffident 
giving a decided opinion; and would suggest careful enquiry and con- 
sultation with the Revenue officials and villagers concerned, before carrying out 
any ])rojcct of this .sort. If all agree ns to the advisability, it will give con- 
fidence and if the Durbar approves, one tank could then be tried as an experi- 
ment to test it. 


15. Nobvitlistanding tlic slight apparent difference in the level of the 
<'ountry, Avater is found at A-arying depths and is of very Tinequnl quality. 
I'iie Avclls in the city arc more than .300 ft. deep but tlic Avnter of most is ol 
cNccllcnl quality while a fcAV miles to the Nortli and Xorth-IVest A\-nter is 
found ncAWor the surfiu;c; but fr«jijently there is not .abuA-e 3 ft. of sAveel 
AA.ntcr; an inch too far ajid the stratuni of brackish Avater is tajiped and the 
Avell is spoilt for all pmcliral jmrposes. The ordinary depth of subsoil Avntcr 
i-. g:.0 ft. to 27.5 ft. kdoAV the .siirfntx*. Neir the Xortli, the Avater level is not 
* .d«Nq., it is iibnit 100 ft. to 150 ft, perhaps. T,, Hh.. valley of the Ghnggnr 
1:: n.vvi time, the hoc! of flic Avatcr, it is said, rises, .ntid sinks to 50 ft. after- 
At-wd-. Th.-y groAv Rabi in the flcKyl AA-ntcr. They <lo not Jmve enougli 
Avat.-r to irrignne fnnn wdb, A .girsl i»ucca avcU lO ft. in diameter it is said 
Mt. 20,000, The of the country depmd a grtat deal on 


Well*. 
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UnaoB or 
Tals. 


rain water; the surface drainage being collected either in covered pits or in 
simpler excavations. During the hot season the scarcity of water often 
causes great inconvenience if not suffering. Water in the city is sold. On 
the road travellers are said to be found dead sometimes for want of it. 

The strata passed through in a well where water had been reached at a 
depth of 316 ft. were first a mass of kunkur, then red clay, thirdly sand- 
stone; and lastly white gritty sand or gravel ; the latter consisting of white 
stones from the size of a pea to that of an egg, composed of quartz, and al- 
though not round, yet with surfaces and angles so smooth as to give rise to 
the idea that they must at some time have been exposed to the action 
of running water. 

In a well at Palana about 14 miles South-west of the Capital, at a depth 
of about 220 ft. lignite, approaching coal in quality, has been found and a 
colliery is being now worked there; proving that forests must at one time 
have covered this area. 

16. There is one feature in Bikaner which is not met with in the other 
parts of liajputana which I have inspected. 

There are depressions among the sand hiUs where good soil is found and 
where after a fall of rain, the surface drainage collects, and as there is no out- 
let, owing to the high ground aU round, the water stays for a few days, some- 
times longer. The quantity collected- depends upon the nature of the sur- 
rounding country. In some places where the ground is hard and free from any 
jungle, it may often be as much as 20 per cent or more with ordinary rainfall. 

As the surface dries up, the bed is cultivated and good crops of gmin are 
produced. These places are easily recognised by the vegetation, trees and 
bushes which flourish wherever water has passed or is near. A good instance 
of such a place is at Chandni, about 20 miles South-west of the Capital. The 
water for some days after tire rains stands in the Jheel or Unao and forms a 
small lake, apparently about a mile long and half a mile or so in average width 
and is said to be about 4 ft. deep in the deepest part. For somC months after 
the rains, water is found below the surface here, so the villagers say, for a 
depth of perhaps 20 ft. but not below this. The water in the village well is 
over 200 ft. from the surface. From the Jheel none of the water escajjes, only 
that of a nallah on the Avest which is absorbed by the sand}' ground on its Avay 
to the Jheel, is lost. This is alluded to in Appendix C. 

Any attempt to intercept the feeding nallahs to this Jiieel, would therefore 
appear to be only throwing money away, as all the Avater which noAV reaches 
the Jheel is made good use of. 

Another instance is at Gujner about 16 miles west of the capital, Avhere 
all the Avater that floAvs off the surrounding ground is caught by a bund Avhero 
the depresssion begins, and forms a lakelet, about half a mile long by about a 
quarter of a mile wide and is perhaps the most picturesque spot in Bikaner. 
A g.arden and some garden palaces ha\'c been erected on the bund and below it, 
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nml the ])lace is surrounded by a small forest of trees, an oasis in a desert. 
Below the bund, the natural valley or depression is good soil, capable of cultiva- 
r.iun. 

In tiiis instance the water instead of being allowed to overflow the depres- 
sion has Ijcen stored and supplies water to the gardens below it and affords 
])leasurc. 


Whether it is advisable to attempt to store water in similar places, or to 
let it overflow the ground below and cultivate the bed as it dries up, is a 
4uestion which will dei>end 14)011 loeil circumstances; generally speaking, I 
should be inclined to say it would not pay to store the water. It might, or a 
large jiortion of it, possibly lx; absorbed inside the bund in some places, before 
it was required and so be lost. 

At the same time it is possible something may be done to increase the 
sujiply to some of these Jheels, cither by making cuts on a contour line, with 
a small slojie, say of 1ft, to the mile, to intercept surface drainage, on the 
sujipositiou that it would not interfere with the supply to other rights and 
lead it to the proper places, or to prevent it being absorbed by the sand, 
before it is lost, (sec remarks Appendix C.) 

At Gujner the opportunity might be taken to check the run off the catch- 
ment. The drainage area and the contents of the Tank at every foot being 
known if the rainfall is registered, it would enable the run off to be accurately 
ascertained; this information would be useful in the preparation of many 
similar projects. 


Wlien all the land round such depressions cannot be cultivated, it mi'dit 
be possible to sow or ])lant trees, such ns readily grow in such places, protect- 
ing them, while young, from being destroyed b^- cattle. 

•As it appears that the water which finds its way from higher fTound to 

these de|»rcssions is gcncmlly made some use of; before attemptirm to bund 

up any of the water courses shown on the topographicil map or seen on the 
ground, it will Ite advisable to ascertain what becomes of the w.atcr- is it 
made use of ? and how ? 

If it is not and it cm be made bettor use of, either by increasing the sup- 
ply or by storing it up, tnoasures should be adopted ns soon as possible to do 
what is advis;ab!e. Not u dro]) of water sliould be allowed to be lost to the 
State. 


It may 1 « that more use can ht made of some of the existing Unaos hv 
e:-. tting fculf rs to take uj) land round the margin; if so, liberal term” should be 
gi%'eu to induce cultivators to settle at such places. 

It is suggested {fat every Jhfsd or Unao and every water course in the State 
• hotild b,' sptem-atiftiiiy investigat.v], tumiix-ttxl and cnte.r<Kl on a statement 
Cor rvcot\L At |.rv,^en{ it net known whether atiy thing can Ik: done with 
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sites 
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Project 


Sliallow 

Embank- 

ments 


them or not. But I understand Mr. Standley is trying to do this. Some- 
thing may be found to be possible so as to make better use of the water or 
of the land influenced by them. 


17. The following works and sites were inspected and notes on each are 
attached. The remarks in the inspection Notes have been given rather in 
detail, as Irrigation from Storage Tanks has not been started yet and details 
from experience elsewhere may be useful. 

At Mudh Bund in progress (see note Appendix A.) 

Site at Pilap Bund (see note Appendix B.^ 

Chandni „ ( „ „ C.) 

The Talwara and Surawala Swamp (Appendix D.) 

18. The State Engineer, Mr. Standley, submits the following remarks 
on the Katli Nadi Project. 


“ This is a Nallah that comes into the Bikaner State after flowing through 
Shekhawati in the Jaipur State. It enters the East of the State at a place 
called Sulkbania and penetrates the State for about 10 to 16 miles according 
to the nature of the flood. This year 1904 two floods came down and I am 
having the flooded area mapped out. The Nallah and its branch are being 
surveyed carefully and it will then be decided what is the best thing to do 
with the water. No project will be attempted until the dispute about some 
Bunds made in the Nallah in the Jaipur State has been settled.” 


The decision not to attempt any project until the dispute about the 
Nallah has been settled with Jaipur is sound. 


The arguments on both sides are contained in correspondence which 
has taken place ns per margin. 


Letter No. 31/171/00, dated 7Ui January 1901, 
from tlio Secretary Political and Foreign Depart- 
ment Mahkma IChas, Bikaner, to the Political Agent 
Bikaner. 

From the Political Agent Bikaner, No. 89 dated 
12th January 1901, to the Ecsidont, Joipur. 

Letter No. 974 from the Jaipur Council to the 
Hesident at Jaipur dated 17ili Slay 1901. 

noted in the margin shew that there 


Having been personally connec- 
ted Muthtlie subject while in the 
Jaipur State, I prefer to allow the 
question to be taken up, when ne- 
cessary, by some one unconnected 
with either State. These letters 
are two sides to the question. 


19. It is possible something maybe done in the way of shallow embank- 
ments on flat lands; to hold up for a short time some of the rainfall or surface 
drainage, so as to make bettor use of the water; and to cultivate the submerged 
area when the water has been let out. In the short time available, it has 
been impossible for me to follow out such ideas, but the principle should be 
borne in mind. 
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The subject appears to have been alluded to by the Irrigation commia- 
sion, ns they ashed the Diwnn o£ Bikaner, i£ he did not think it -n'ould do 
some good on the stifCer soil to put embankments round the fields, but he 
ivns unable to say ivhether much could be done in this ivay. 

The question ivas then put to him. “Supposing 3-011 get 10 in. rainfall 
sa}- 5 in. sink in and 5 in. flows awn)-, if 3-011 had embankments round the 
fields, would that not make a difTcrence? to which he replied. “The)- do not 
want much water for a kharif crop, they never cultivate the land; they simpl)- 
plough in front and sow behind, as the)- go along. There would not be 
enough water for mbi or for crops of cotton; there is only enough for the 
inferior grain the)- grow.” 

20. On the 2nd February, 1905, I went with Mr. Standlev, the State Suticj River 
Engineer, to insi>ect the northern part of the State and reached Hanumangarh 
(1‘1-i miles) at 7 p. ni. 

At Suratgnrh aljout 110 miles N'orth-North-East of Bikaner, the Railway 
crosses the dr)- bed o£ the Ghaggcr river. The aspect o£ the country changes 
at once. Up to Suratgarh the line passes through a desolate countr)^ with 
ridges of sand, more or less sparccly covered with jungle scrub, but in places 
waves of loose sand, with here and there a small area of more even ground. 

Water is generally at a great depth below the surface and the train brings a 
suppl)' with it for some of the road side stations. Villages arc small and 
many miles apart and we rarely saw a human being. A more hopeless 
countr)- for Irrigation it would be difficult to find anywhere. 

At Suratgarh one leaves all this behind and enters on a flat alluvial plain 
covered with better vegetation, and villages appear more frequcntl)-. The 
soil with few exceptions is good, all it needs is water. Even as it is, when 
there is a normal rainfall nearly all the flat area for miles is cultivated and 
)-ieliis an abundant harvest. The country .slopes ver)'- gradually ton-ards the 
West and it would lie diflicidt to find a country Iwtter adopted for Inundation 
or Irrigation. Here and there one sees mounds of a reddish hue cau-sed by 
thc remains of broken bricks and utensils of common red linked cla)-, svliich indi- 
cate that these were once the sites of villages, some of considerable size. It 
would npjKiir that in former times this region Avas avcU peopled and that a 
might)- river once flowed iicro. 

Tlio following remarks taken from the Manual of Geology of India jxirt I, 
p.igo ‘116 are interesting. 

“It is ccxt.ain that in no jsart of the great Indo-Gangetie plain have more 
important changf'S taken plac<? since the dawn of history than in the ncighour- 
h'sol of the AVntershed lietween tfic Inda.s and the Gangc-s. 

The tr.iditio’H of the Hindus paint to a time when a great and sacred 
river, tlic ran in the extrenm East of ifie })re^f.'nl I’unjah, hetween 

tlje Satlei and thedinnna. Tin: niade.nj Sarasvati is an unimpirtant stnarij 
fe ! by sns.iU trilKitirics from the other I!tm.a!:iyaa ningi-s, deriving none of 




13 


its waters from snows, Ijecoming nearly dry in the hot season, and losing it- 
self in the Eajputana desert. According to some traditions this river former- 
ly followed an independent course through the desert to the seaj and it is a 
curious fact that on some maps a stream bearing the name of Sarasvati is 
shewn running into the smaller division of the Ran at the head of Cutch. 
Another view, which is supported by stronger evidence, is that the Sarasvati 
formerly joined the Sutlej and that this pursued an independent course to the 
sea, under various names, of which the best known are Hakra, Sotra and 
Wahind. 

The course of the lower portion of this old river coincides with the East- 
ern Jfara in Sind, and the upper portion ran through a portion of the desert 
South-East of Bhawalpur, where numerous mounds and other relics of old 
cities remain to attest that the country was once far better watered than it 
now is. 

It is an indubitable matter of history that the Beas, the Hyphasis of the 
Greeks, formerly did not join the Sutlej, but pursued a distinct course to the 
Indus, and the union of the Sutlej with the Beas is very probably due to the 
former river now running more to the westward than it did. 

The diminution in the volume of the Sarasvati has been attributed to 
various causes, a decrease in the rainfall amongst others, and especially to 
the destruction of forest on the lower slopes of the Himalayas, but it is not 
improbable that Mr. Fergusson’s suggestion is correct and that owing to the 
Sarasvati having raised its channel, whilst the Jumna has cut down its khadar 
the water which formerly ‘supplied the former river now runs into the 
latter.” . , 

Further north from an inspection of the Topographical map, one sees 
clearly defined, parallel to each other, but a few miles apart, the dry beds of 
another River called Eaiwal, all sloping to the west, shewing that the whole 
country was at one time watered by rivers from the Horth-East which pro- 
bably joined the sea lower down, of which the Ran of Cutch is now all that 
remains, and are now lost in a sea of sand. 

It is clear that if water could again be induced to flow here, there is no 
reason why this area should not be one of the best cultivated jxvrts of India 
and a great part at least of it might be restored to its former state of prospe- 
rity. It is worth investigation at all events. 

In the Topographical map, one sees also just outside the North-Eist 
corner of the Bikaner State, the whole of the country in British territory, 
covered with a net- work of einals, which all stop at the Bikaner border. 

One naturally thinks, if only these canals could be extended lower this 
flat alluvial country, wdiat a great benefit it'would be. The demand for water 
however is 60 great in British Territory that it is said to be impossible to 
give a drop to the Bikaner. State.. , , 
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This nw 3 ’ be quite true as the canals are now designed, or with regard 
to the supply of water now avaibablc. 

Hitherto it has not been considered necessary to make provision for any 
land beyond the British border; happil}', a more enlightened polic}' has dawned 
lately and it is being recognised that the native States are members of one 
great Empire and deserve the same considemtion as other members, and every 
tie that binds the members together and shows that the Government recog- 
nises the truth, that all have the same interests, while being a mutual benefit, 
must help to unite the whole body and make the Empire stronger. 

To speak of water not being sufficient, when in the mins there is the 
mighty' Sutlej jiassing b}- and volmncs of water arc flowing to the sea, seems 
absurd. Water which is not made use of I while the country is only waiting 
for it. Water which if it could only Ije dtvcrtal in this direction to inun- 
date or irrigjitc these districts, would do untold good and make Famine, in 
this region at least, iinjx)ssiblc. The whole of the northern portion of the 
Bikaner State, roughly a tract about 2,000 sq. miles, perhaps might be bene- 
fited. Not Old}' Bikaner hut Bhawalpur also, and jjcrhaps even parts of 
Jnisalmcro; for there is a .sIojkj tlie whole wnj’ and villages on the North Wes- 
tern borders of Jaisalmerc are about ICO ft. lower than the land on the North- 
West border of Bikaner. 

The w.atcr is there, the land is waiting for it, the slope of the country 
is all in a right direction and there appciirs no doubt as to the feasibility of 
this great project, for tlic w.atcr once flowed here. 

The following is a note by Mr. Standlcy, the State Engineer, on this 
subject. 

**Su(hj JtiiimJation canals. The North of Bikaner consists of verj' good 
soil, fnirh' level, with a sIojk: from the lx)rder gcnemll}^ towards the South- 
West, there are few sand hills compamtively .s]X5aking, no wells to sjienk of, 
villages arc far apart. The water in the wells is much too low to he made 
use of, for everywhere in the lowest part of the depressions, the spring level 
is fully 200 ft. Ixilow ground. Any thing would grow in this soil, if only 
it liad Bufiicient water and at present there arc nulo.s npjii miles of goo<l coun- 
try which would province c.'cccUcnt crojM if only there as*as water to deve- 
lope it. 

This cold weather, two trial lines of levels were run from the village of 
Minnwala n\mit 20 miles this .side of tlie Ixmlcr in the North of the State 
tovrards t!>e Sutlej, to sw. if the orditLar\* fio^jd of that river cotiunandcd that 
partioii of the 03untry. OtJO line was near to the blast of Fazilka stniigiu to 
the river, but the level of the Owls arc to) low there to Iw of any use 
and the line w;i.s cunliuutsl along the river as far .as Flrozepore. Here 
the fif'Xhls give suOscient tonunaud to irrig-Ue n gT«U j«rtk»n of the North 
of th.e State, fuHy ~i to 0 of aervs of the cxmtttry cotrld Iw easily coin- 
tu.nt Ic'-l. Wfivu it was found tlwt BuHicient ct-nuruand could Ixr ohtaitiwl 



near Firozcporc, ,a line o£ levels \vaa taken from the river at that place to 
Jlirzawala, along a ])robable alignment for a cut, so as to sec the configura- 
tion of the country. This line, it is believed, passes tbrougli British terri- 
tory, and does not go through any Native State. The sections show that if 
we go as far as Firozepore, any ordinary fiood would, at a distance of 70 to 75 
miles from the river,start commanding the lands of the State. But between 
the Bikaner border and the R. !M. Railway fairly heavy embankment will Ijc 
necessary, and from the border to the S. P. Railway fairly hea\'y cutting. 
The alignment is not the best one and I have no doubt that a much better one 
could be found. Just on, the border as far as the S. P. Railway, is a high table- 
land on which evidently the whole present Irrigation channels of the 
Bhatinda and Abohar branches of the Sirhind canal have been aligned. 
All the minor channels of these branches command the North of the State,; 
and as a matter of fact, several Bikaner villages near the border used to 
get a regular supply for Irrigation from the tail of the Abohar branch 
until about 2'or 3 years ago, when the supply was stopped, the surplus water 
being utilized elsewhere in British Territory. If the present Government 
clianuels could give us water during the rains, when they have no demand,' 
or could be, widened so as to take an extra supply to irrigate the North of’ 
Bikaner, our object would be attained to a certain extent, without entailing 
very heavy expenditure on Bikaner. If there are objections to the above 
suggestions, an alignment for an Inundation cut would be along the Abohar 
branch of the Sirhind canal with a probable weir in future across the river 
above the Firozpore “Kaisar-i-Hind” Bridge 

The Punjab Irrigation officers knowing the country thoroughly well 
are competent to advise on the subject and will no doubt be able to help the 
State in this vital question. 

What Bikaner requires is to get flood water at any cost, so as to be able' 
to develope a large tract of country in the North now lying absolutely un-’ 
cultivated and undeveloped. 

To turn in the water of the Sutlej when in flood on to those lands, andi 
fill in all available depressions, would mean an incalculable blessing. 

The more water is poured into the country thus, the better it would 
also be for the lands situated on the Indus banks below its junction with the 
Sutlej, for it will afford an appreciable relief to the country which I believe 
gets regularly and disadvantageously flooded during the rains every year."’ 

The above remarks shew that the State Engineer (Mr. Standley) has 
quickly seen the importance of this project, and in the short time that he has 
been at Bikaner he has done all he can to bring it forward. He has proved 
that the floods of the Sutlej above Ferozepore command the land in the North 
of the Bikaner State. The questions now are, which is the .best route the 
water shall take? Shall it be an Inundation canal from flood water or a 
Perennial canal? Can water be stored anywhere? etc. These questions and 
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nil details require to Iki thrashed out by a competent body of Irrigation ex- 
perts. It is here that the Imperial Government can afford help. 

It is not known whether the Imperial Government liave nnj’ proposals 
for making another ^Veir on the Sutlej or of utilising the flood water of this 
or of any of the Punjab rivers so ns to be able to afford a supply to the 
Bikaner State; or whether it will be possible to reap any benefit fron joint 
action witli the Bikaner State, or whether the lands on the hanks of the Indus 
lower down, would derive .an}’ l)cnefit from diminishing the floods in the Sutlej 
as suggested by Mr. Standley; be that as it may, the great benefit that would, 
1 believe, be dcrive^l, would be enough to warrant the Bikaner State going to 
any expense to secure the object in view. The land is longing for water, let 
it be brought under any conditions and in as large a quantity as possible. 

The Bikaner State however is not in a position to undertake the surveys 
in British territory or to })rcparc a large project of this sort. There arc 
many matters of detail, and many difficulties probably to be considered and 
overcome. The Bikaner State can not do any more than it has done. It is 
now that the Imperial Govcnmicnt can come forward with a helping hand. 

This appftirs to me to be the only hope of anything really being done in 
the way of Irrigation in the Bikaner State. The Imperial Government only 
has the power to dcjil with tlic matter. It is a great opportunity for making 
tiso of tiic water which is now all going to waste. It is the only way in 
which Famine in these parts can he met with any hope of success. It is an 
opportunity of restoring the prosperity wliich it once enjoyed, to a country 
now often a waste from want of water. It is an opportunity of doing a work 
of untold iKJnefitto the country gcnomlly and to the Inij>orja! Government; it 
is an 0 [){K)rtunity, by Its help and co-operation of drawing closer the bonds 
which unite and strengthen some of the incmlH>r.s of tliis gre;it Empire. One 
of the questions put by the Irrigation commission to a distinguished Punjab 
Irrigation officer was, “Is it not the case tliat Government sliould consider 
tiicmselves rcsjwnsiblc for all development of Irrigation all along tlic Punjab 
rivors. Tiie nuswor was “yos.” (Jlr. S. Preston page 30, question 2o3) and lie 
adds “oxjKjnditure by Government on snch }>rojcct.s woidd unquestionably l>o 
financially profitable”. 

Is it Jux;C6sary to say more? or to suggest a more worthy object ? 

What is wantttl is — 

(1.) To get proper plans and estimate prepared for tlic best way 
of dealing with the floexl waters of the Sutlej, with the object 
of Irrigating or Inundating the waste kuuU in the Biiuuicr 
.State and pfjrlinps other States. 

(2.) To pnavide the funds. 

(3.\ To carry tt out. 
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Extract 
from the 
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Irrigation. 

Com- 

mission. 


At present tve are only concerned with the first step. The Bikaner 
Durbar ask the Government of India to take tlie matter up, by appointing .a 
competent staff to prepare Plans and Estimate and to submit a Report, and I am 
informed the Durbar are prepared to pay all the expenses which will be incur- 
red in doing this. So that it will cost the Imperial Government nothing to 
comply with this request. 

When this has been done, it will be time enough to discuss the other two 
points viz,, to provide the funds and give the sanction to carry it out. A bold 
and liberal policy is essential. The want of it has often prevented the Govern- 
ment reaping the full advantages elsewhere wdiich might have been realised ; 
and so necessar}'^ is it to realise this fact, tliat I take the opportunity of 
adding here the following extracts of the evidence given before the Irrigation 
Commission by some of the ablest Irrigation Officers in the service. The 
remarks have a connection with this subject and are the opinions of officers 
qualified to speak upon it. 

21. Tide selected evidence before the Irrigation Commission, Appendix 
page 43 Col. S. L. Jacob, C.S.I.,R.E., “The first essential is a profound belief 
in the possibilities of Irrigation and great boldness in attacking the problem.” 

“It is due to the lack of this belief, and to the caution which has so often 
characterised the dealings with the questions that have arisen, that the successes 
attained have not been even greater than tliey are. ” 

Page 44. “ There need be no fear as to the construction of Weirs across 
the Punjab rivers, even the mighty Indus itself will eventually have to sub- 
mit to being bound, it being clearly understood that it is only a question of 
time for the remodelling of the whole system of Inundation canals.” 

“Water is to Korth-West India what its Iron and Coal are to England, or 
-what Gold is to the Transval, but the great part of the w'atcr still runs away 
unused to the sea, and on the other hand much land lies barren and waste, or 
exposed to Famine, which could be watered.” 

“However difficult the problems may seem, they should be boldly attack- 
ed until it can be said that practically all the lands that need Avater have been 
provided for and not till then should avater be allowed to run unheeded to the 
sea.” 


“ Nor is there anything in these problems which would be so exclusively 
costly that a prosperous and w&althy department like the Irrigation, cannot 
•afford to carry them out, and the ultimate result Avill be the far greater prospe- 
rit}'’ of the Province or (Provinces) as a whole, than if a more cautious polic}' 
be followed.” 

Page 46, “There is undoubtedly land available on the left bank of the 
Sutlej but only a very small portion of it is in British Territory. Some of 
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it be in ti)C liikancr State, but the mass would be in the Bhawalpnr 

State. This is a drawlwclc, but on the principle of developing the whole 
•Yitintrv, it should be accepted that these lands should obtain the water.” 

“The Weir across the Sutlej would make a provision for the supply of 
the Inundation canals on the right bank which are supplied at present from 
that river.” 

“.Vs to the proposed canal on the left bank it should be designed to 
command five million acres, for it will be able to irrigate nearly two million 
acres, and there should be room for expansion as the duties of the water are 
improved. It may, however, possibly be better to make two smaller canals 
insteul of one huge one. Almost all the land embraced by such schemes is 
now practically desert land.” 

“The Sirhind canal irrigates up to the edge of the Gkaggar river. ]f. 
is the tract between tl\c Gbaggar and the Jumna winch contiiins almost the 
whole of the Punjab which is su!)jcct to Famines; and the amelioration of its 
condition is perlmj)s the most urgent question of all.” 

Such is the evidence given by one of the most efficient officers in the 
Irrigation Department of the Punjab, and he sums up his remarks ns follows: 

Para -12. (2.) Let there be greater boldness in attacking the problems to be 
solved, and let these be taken up in a broader manner than 
has yet been done. 

Inundation canals must be supplied from Weirs. 

(•1.) Use every drop of available water as far as possible, even if 
clieajjcr schemes am be designed, which entail waste of water. 

(.j.) Kvery bit of land which needs water, to be irrigated, if possi- 
ble, even if the schemes lie costly. 

(0.) Famine to be looked upon as a blot and nnomalv, and tho- 
roughly combatted, money lieing freely given even to unre- 
mnnenitive schemes for tins piirjioso. 

(T.) The Iitdu'i water to Ik; more fully utilised in Sind ns well as 
in the Punjab. 

(ft) The Ikas cum .Sutlej water to be utilised on the left Link 
thereof. 

CIO.) The tract I.K'£wi-cn the Ghagg.ar ami the Jumna to l« more 
fully irrigatai, aich p.art Uang dc;dt with on itsowji merits, 

Svnsr !.C hL r^ ;narks iKitni to the ksid* in the direction of niknner, ami 
I r-5,» rv vord mott thorvaaeddv. 
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Another Irrigation officer ( page 58 J Mr. G. M. Field, Officiating 
Chief Engineer says, “ Enormous areas could be irrigated in Bhawalpur &c. 


by kharif canal All the Punjab rivers carry practically unlimited 

kharif or flood supplies If the principle of kharif Irrigation 


only be accepted, there is no reason why it should not be carried out at once 
on all Punjab rivers. The kharif canals however must be more or less sejia- 
rate from the perennial, as the practical difficulties of carrying an enormous 
kharif supply and a very small rabi supply in the same channel are almost 
insuperable.” 

Another officer the Honble Mr. J. Wilson C. S. I., Settlement Com- 
missioner, Punjab recommends (page 34) tliat 

(2.) “ A complete survey should .at once be undertaken of all the river 
valleys of the Punjab, river by river, with the view of determining what can 
best be done to maintain existing cultivation, to restore abandoned cultiva- 
tion and to provide facilities by means of Inundation canals for the improve- 
ment or extension of cultivation.” 

And on page 35 he adds. 

“There are untold millions of .acres in the Kajputana Desert which it is 
quite feasible to irrigate from the Punjab rivers, I anticipate a time when the 
flood water of these rivers will be poured over vast tracts to the South and 
East, giving them sufficient moisture for the ripening of an autumn crop and 
the sowing of a spring crop and raising the under ground water level sufficient- 
ly near the surface, to enable the people to ripen their spring crops by means 
of wells and it is towards this end we should shape our policy.” 

“My recommendations therefore are that the waters of the Punjab rivers 
should be carried as far to the East and South as possible.” 

The precarious nature of the rainfall in the zone in which the Bikaner 
State is situated about, 10 or 11 inches, is a strong claim for consideration. 
In good years a large area of crops may be sown but in years of drought 
they either cannot be sown, or fail entirely; practically no crops .arc matured 
except with the aid of Irrigation. 

The Bha-walpur State too is looking to the Sutlej; for Col, Grey, the 
. Superintendent C page S ) says in his belief “that the 2vawab is fully persuad- 
ed of the benefit that would be derived from a Weir to take oft the water to 
his State.” In fact all the States on the left bank of the Sutlej have been 
looking to the Sutlej for some years past, 

Khan Bahadur Sahib Z.adah Hamid Uzzafar Khan, the Dewan of the 
Bikaner State, asked the Irrigation Commission in November 1901 if the}' 
could not get a supply of water from the Sutlej river, and he described wh.at 
lie thought might be the alignment on the map but he had no data to press, 
the subject home to the consideration of the Commission. 
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22. I most earnestly conimend the subject to the favourable considera- 
tion of the Government and trust orders may be issued to meet the request of 
H. n. the Mahanija of Bikaner for the preparation of the Project and that 
tiothing ivill prevent this great work sooner or later from being carried out 
in a spirit worthy of a great Empire, 

S. S. JACOB. Con. 

Consulting Engineer for Irrigation, 

in Pajputana* 


The jnsUfr 
carnestlj 
commenij. 

cd for 
considera- 
tion of 
the Covera. 
ment of 
India. 


Frfrriiarj/ 1905. 



HPPENDIX H. 

Note hy the Consulting Engineer on the Bund at Mndh. 


This Project is described by the State Engineer as follows:— 

“ Madh Bund, Catchment area 8 sq. miles, principally hard kankary 
soil. Average rainfall taken from previous Statistics of Bikaner, 10 inches. 
On account of nature of soil 20 per cent run off has been estimated for. 
Length of bund 4,300 ft., capacity of tank 41,130,700 cubic feet at crest of 
Escape. Area of water spread will be 132 acres; greatest depth 13 feet; suppo- 
sing the tank is filled up to crest of the Escape, it is calculated that after deduc- 
ting propable loss by absorption and evaporation in the tank, there will still 
be nearly 28,000,000 cubic feet of water available for Irrigation. This spread 
over the ground to a depth of 1 ft. represents 643 acres. Amount of Estimate 
Rs. 16,192, cost of storage estimated at 2,540 cubic feet per rupee. 

There is good soil below the bund within half a mile fit for Irrigation. 
Sluice head and channel have not yet been built.” 

Judging from the hard nature of the catchment area, I do not think 
20 per cent of the rainfall here, is too much to expect in ordinary years. 

I would make the following suggestions. 

1. The inner slope, below high water line at least, should be every, 
where not less than 4 to 1; the soil is so light that probably this will not be 
enough, unless protected in some way. It ■will be advisable to do this work 
at once, while the tardc is empty and earth is obtainable from the inside. 

2. The portion of the inner slope .above H. "W. L. will probably re- 
quire protection of some kind, such as rubble stone or pitching of some kind 
where the wash of the water will probably cut it away. 

3. Where the upper or outer surface of the bund is made up of the 
light sand, which can be blown about by the wind, it "ivill be necessary to 
cover it over with some bettor material, such ns a good layer of tiie clay 
from the borrow pits inside, to make the surface compact, ns it is at the Eorth 
end for a short distance. 

4. Small ridges of earth will be advisable along the top of the bund to 
divide the surface into small compartments or “Kyaries” to prevent surface 
water (from rain) collecting and guttering the outer or inner slopes. The 
object being to let the rain water on the top surface simply sink in quietly 
everywhere, not run off. 

5. Such Vegetation and J ungle plants, as grow .around, should be plant- 
ed everywhere on exposed slopes, so as to help bind the surface together 



<; 1 whiM su^trcst any trees that arc in the bed oC the reservoir and 

Iskflv to be sidmicrged, should be removed before the rains, or they may be 

b-'t, 

7. The outlet sluice had better be put now, before tiie water fills the 
t.'uil:. TJic l)ast place seems to be near the Korth-end wliere the sloping 
hard ground joins the plain, as there will be better foundations here than 
cbcwliere. 

The level of the outlet ought to he low enough to enable all or nearly 
fill the water lieing taken off. 

The best j)lan of outlet I think is a round or rectangular well, with 
round lioles in entstone, G in., or 9 in., in diameter, tapering towards the 
inside, fitted witli tapering wooden plugs with heads on the water side. Pro- 
jecting stops and a chain to be provided outside to enable a man to place the 
jtliitrs from the outside and similar steps or slabs on the inside to enable a 
man to descend inside the avcil and knock out one or more plugs, when 
water is required. 

A small culvert to lead from the bottom of the avell underneath the bund 
to a sniiill cistern outside, from which the Irrigation duct will start. 

It is advisable to have a core avail of masonry e.xtending atlc.ast 35 feet 
on each side of the culvert and alxivc it, in the body of the bund, and to ram 
the earth avoll round it, to prevent any creep of avater along the surface of the 
culvert; for the same reason tiie surface of the masonry should he left rough 
not jilastcrcd. A gauge may he marked on the outlet avell to mark the 
depth of water. 

S. The contents at each foot of depth of avater in the tank being knoavn 
it avoiild afford useful data for future projects if a rain gauge is put sotne- 
avhere in the catebment nr&i and the percentage of run off compared avitli the 
rainfall. 

0. It avill be advisable to baa'c a map prepared on a large .saalc s.ay 
C in. to 1 mile at least if it 1ms not already been made and to mark on it, all 
the Land commanded and duct.s proposed, noting the places where the best 
soil Is found, so ns to ensure Irrig.ition ducts being conveniently aligned to 
roach tbe'C* places; also to get the revenue officcr.s to inspect the place and 
arnuige beforehand that full advant.age may be taken of the water. 

As it will take labour and time perhaps to prepare the ground, it ought 
to be given on libor.d terms for the fir,st yctr or two, 

10. The iivatn duct slionld be taken along the fool of the high ground 
on ttsc North ja*'l above all the l.and which cm he irrig.ittKl. 

Till' tlucj may be 5 ft, wide with n slops of 1 or 2 ft. in a milc.tJic 
vx'.tsvut.'.l l«*!ng thrown 50 ft. clrsir of the duct ho m to aitoial a Patri, 
and ivlmit o': the duct Wing widcnc’l e-i^isily hereafter if ncccf.mry. 



The earth to be neatly dressed off and Babul or other seed to be sown in 
the rains on the outside of the bank in the fresh earth. 

Where -watercourses have to be crossed the simplest plan will be to 
have level crossings and to bank them across before the Irrigation begins. 

-It is well to have ducts everywhere in excavation so that the water sur- 
face is flush with the ground or below it- 

11. Where branches take off, Pillars may be put -n'ith cut stone grooves 
in them across the main duct, and a similar size opening across the head of 
the branch. Planks may be placed in these grooves to raise and to divert the 
-water when required for the branch, and being interchangeable the same 
planks will serve to close the branch afterwards so that the distribution may- 
be under command, 

12. Bench marks should be put in the bed at every 1,000 ft. and 
distance marks on the bank to indicate the spot and the distance. It would 
be well to have the main duct at aU events ready before Irrigation is needed 
or there may be delay in giving water when it is required. 

13. A Mahafiz should be appointed to look after the proper distribu- 
• tion of the water and a blank book be given him in which the details of the 
Irrigation daily if any, should be noted. 

14. The water rate should be fixed on the area irrigated, a certificate 
being given to the zemindar stating the area irrigated and the amount due 
b)' him and a copy of this to the Revenue Officer to recover the amount in 
due course. 




APPENDIX B. 

2^ote on (he Pilap Project 

On 29th January, 1905, alter inspecting the Madh Bund avc drove 
across to Slotawat and from there rode to the site of the proposed bund 
about 1 mile North, across the nallah ■which passes between Motawat and 
Pilap. The project is described by Mr. Standley, the State Engineer, as 
follows: — 

“Pilap Bund. Catchment area nearly 17 sq. miles, principally undulat- 
ing ground, ' hard in parts and sandy in others, average rainfall 10 inches, 
owing to nature of soil 10 per cent is here estimated as run off. 

Length of Bund 6,500 ft. and about 8 ft. deep in deepest part. Capacity 
of Tank 42,671,000 c. tt.5 area of water spread 243 acres. Supposing tank 
filled up to proposed full supply level, after loss by evaporation and absorp- 
tion inside the tank, there will. then be 18,371,000 c. ft. available for Irriga- 
tion. This spread to a depth of 1 foot represents 421 acres. 

The total estimate for earth work in bund is Ks. 12,495. The two 
escape channels on each flank will cost Rs. 2,500, the total estimate comes to 
Rs. .15,000. The cost of storage comes to 2,840 c. ft. for 1 Re. The sto- 
rage will probably be increased, for the bund instead of being left 13 ft. 
above bed of nallah will probably be increased by 2 ft. more, with very little 
additional expenditure. There is fairly level ground below the bund fit for 
Irrigation though a bit sandy. This bund will soon be started.” 

The basin is flat and extensive, decidedly a good one. The catchment 
area appears to be generally hard and the nallah to be clearly defined. 
There appears to be good land below the site, and the site proposed, just 
below the junction of two nallahs, resting on high ground at both ends, to 
be the best available. 

Unless the bund is made high enough to store all or most of the flood, 
there may be difficulty to dispose of the overflow. 

I have not seen the plans as they are not ready, but would suggest in 
preference to any masonry escape in the nallahs or elsewhere, that the bund 
be made so high that any overflow shall he diverted over the natural surface 
which I understand is possible at one or both ends where it can spread over 
a laro-e .area .and gradually pass off the surface without doing harm or cutting 
back. From the nature of the soil I do not anticip.ate much inconvenience 
from silt. 

The disadvantages of having any m.asonry escape in a nallah of this 
sort are (1.) the expense; (2.) it limits the level of H. W. L. which can not 



r.tlfod nftrr^nrtls except by some temporary expedient which in a place 
of tills sort, does not sccin advisable; (3.) if silt docs come ( which how- 
ever is not anticipated here to any great extent^ the kutchn bund across 
the naUsih can be easily ojicncd at any time and the bed be scoured out and 
the bund be closed again at little cost. 

The Irripition sluice may be put on tbe side where there is the most 
land to irrigate; and may perhaps serve for all the land on botli Iranks, the 
water being taken across the nallah on an eirthen bank well rammed to 
verve the land on the otlier side. An extra sluice cati be casih- jmt at any 
lime if found to be necessary. 

Tlic same remarks apply here to the formation of the Jhmd, Outlet 
sluices, Irrigation ducts etc. as were noted on tlic JIadh Project, so need not 
l>e re{)eatcd. 

It is not known what, if any, nse is made of the water of this Nallah 
before it loses itself in the country below. This should be ascertained and 
considered, as it maj* nffcct the project. It would not be advisable to spend 
money in storing water, unless the advantages of doing so, arc greater than 
tlic benefits derived from its unimpeded course. 

On this understanding the project as regards site and catchment seems 
to be a good one. 



HPPENOIXe. 

i\hte on the Chandni Project. 

On the 30th January, 1905, H. H. the Maharaja and Mr. Standley, the 
State Engineer, went with me to inspect this site. The description given by 
the State Engineer is as follows: — 

“Chandni Project. To the South of the village of Chandni there is a 
broad well defined nallah that comes down and loses itself about one mile 
from the village. The nallah is fully 7 miles long, the catchment is narrow, 
in its wider part not more tlian 3 miles, averaging I should saj'^ miles. 
On the right bank, ground is hard and the run off would probably be from 10 
to 20 per cent, on the left bank mostly sand hills, where the run off will be 
anything from 0 to 10 per cent. All along the depression, from Chandni to 
Kotri, in fact as far as Kolaith, the soil is excellent for Irrigation, Only, I 
should say, big floods coming down the nallah find their way to the good soil, 
small floods being absorbed by the band of sandy soil which separates the 
good soil from the place where the nallah begins actuall}^ to split up in several 
branches and to spread out in the open. It would be a good thing if it was 
made possible for all floods to I'each the good lands. Small draining bunds 
on either side at the place where the nallah loses its definite channel, and the 
bed dug out, so as to form a good straight and definite channel as far as the 
good land, would probably answer the purpose. 

The survey for this project is being made and the best way to deal with 
the question will be more easily understood from the contour map, and the 
plan showing the different channels into which the nallah splits. 

There is a good deal of water that comes down from the hard slopes to 
the west of the village and gives a certain amount of Irrigation during the 
rains to this and Kotri village.” 

We rode up the course of the nallah a short distance to see the nature 
of the catchment, which is peculiar. On the East side of the nallah the 
ground is comparatively hard. On the !\Vcst it is nothing but sand, the 
nallah flows at the foot of these sandy hills and brings Avith it a good deal of 
sand which as soon as the nallah debouches on the level ground and the water 
loses its velocity, is deposited over a strip of land about half a mile in extent 
and all trace of the course of the nallah is lost. 

In a year of exceptional rain it may perhaps find its wa}' on to the 
“Unao” or hollow depression. 

Any bund constructed amid these sand hills would be liable to two serious 
drawbacks; the basin Avould probnl% be soon silted up and any water stored 
would soon be absorbed by the soil and disajipcar. 



We ihcn rcKli; ncro?? the tloprcssion or “Unno” ^YhicIl is about a mile or 
more !on<r bv half n mile or so wide, composed of first class soil and is genc- 
niliv v.-e!I ciiUiviiteti and has many fine trees nj)on it, to the west side, to ins- 
pfct tiic nailalis on this side. 

It was strange to follow the course of these nallahs from a faiut trace on 
the field to the clearly defined course where the nallah leaves the hard and 
higher ground. 

It appears that all the water bronglit down by these small nallahs spreads 
out in a small lake .as there is no outlet for it. According to the statement 
of tiic villagers the water statids for some days sometimes 4 feet or so in 
the deepest jwrt and c.\'tctuls over an area of alx)ut a mile or more in length 
and alxant half a mile in width and as it graduall}' subsides, cultivation is 
i-irricil on from lighter croj^s such as J»ar, Bajra etc. at the margin, to Wheat 
in the lowest part,. 

Water is found below the surface it is s.aid for some time at the depth of 
about 20 ft. but not below this. In the village well, it is over 200ft. deep. 
It will thus he seen that nearly all the water which falls is made good use of 
and it is very doubtful if it will he advisable to go to any e.xpensc to store 
water which is already utilised. 

The only thing which suggests itself here is whether it might not he pos- 
sible to Ic.ad the water from the nallah on the cast side alluded to above, by a 
cut direct to the Jhecl, before it has time to wander about and lose itself amid 
the sandy hillocks. 

If this can l>o managed without the water bringing down much silt 
with it, this .water would certainly Iw g:iined and would l»c added to the 
pupply already received. It would cost little to do this and the villagers, who 
wore .sjKtkon to on the subject, confirmed the opinion that this was all that 
could bo done and that this Avould be an advantage. 

It is passible that only in exceptional years of small rainfall they might 
want this extra f^upj»ly, ns the area avhich can he cultivated i.s limited hut 
it would he advisable to have olHcrvations made in the rainy season, and the 
matter discussed with the revenue oflicers and villagers Ixcfore cxjtenditnro 
infurr^l. 



HPPENOIX D. 

Note on Talwara and Surawala Swamp. 

, On the 3i'd February, 1905, inspected the Talwara Jheel with Jlr. Standley, 
the State Engineer j the Nazim Lalji Mai and the Tehsildar accompanied us. 

Mr. Standley describes his proposals as follows; — 

“After the reservoir at Otu has been filled to the desired level and the 
North and South Ghaggar canals are running, the surplus of the river Ghaggar 
is allowed to flow over the Weir into its natural bed; this flood water comes 
down into the Bikaner Border as far as Surawala about 3 miles within the 
Bikaner Border and where the flood is a heavy one, as far as Hauumangarh. 

But generally speaking, the water comes down into the Bikaner border, 
fills the swamps at Talwara and Surawala ito a depth of one or two feet and 
remains there until it dries up in October or November. 

A stretch of country about 3 miles long and varying in breadth from 
to 2 miles gets thus flooded and is overrun with coarse grass and nothing is 
being done to it. 

The idea is to drain this big swamp by a cut in the centre of the bed of the 
Ghaggar and lead the water past Hanumangarh and spread it on the country 
there where it would be of great advantage. At present if the floods arrived 
late in the season, say. in September, in the villages near the border, such as 
Talwara and Tibi, the floods do a lot of good, as some of the fields about get 
flooded, are ploughed and sown with Rabi crops. Provisions for these fields 
will be made by suitable openings in the tanks, or if these fields are debarred 
from flood water they can always be commanded from the South Ghaggar 
Canal. 

At the border so as to prevent the flood from spreading low, a training 
bund with an opening at the lowest point of the bed of the Ghaggar from 
wliich the drainage cuts (working backwards,) will be made; the cut at first 
will only be made, 20 ft. wide by 3 ft. deep, but provision will be allowed 
by throwing the spoil more than 30 ft. on each side of the centre line, for 
widening eventually to 100 ft. if found necessary and profitable. Tlie cut 
will eventually be about 30 miles long. 

To drain the villages of Ellonabad the British Government had made a 
cut izito the Anahai swamp and permission might some day be obtained to 
connect this cut with ours.” 

The Nazim Laljiraal, a capable and intelligent official and the Tehsildar 
of Hanumangarh both express approv.al of this project. To drain this land 
and make use of the \vater which often lies wasted here on good land lower 
down, appears quite feasible and to be a good project. 



The l35vS y now s.iM to Iw often water bvit if (lraine<l will l» 

. ..U'.vn’i It oorninan.Iod by thcGhagpir cxmh so water if rcquircl can 
ir. ' .;ti-c>!k4 to it. No cxi>ens'c need lx; inenrred in making surveys or pre- 
p.wjjcct, .as the country ha.s all been con ton red already; the lowest 
iisn can lx- easily followe.:! and the mater made good use of lower down. 

1 recommend this I'njjcct to be cirried out as soon as posssiblc; expe,- 
ri.-nre will shew the sire of channel nc(X‘ss;wy to carry off all the water 
which acemmdatos here, hut a cut 20 ft. wide sus ])roi>osed by Mr. Staudley 
jniL'ht he tried at fir.st and enlarged afterwards if necessary. 



HPPENDIX E. 

Note by Mr . Standley, Executive State Engineer, on Erigation Tanls. 

From my last inspection of- the Magra District, I find very few possibi- 
lities of making bunds, as the catchment areas in most places are not suffi- 
cient for a moderate sized bund. There are some exceptions, such as 
Ghandni where a well defined and broad nallah comes down from beyond 
“Harla” and which probably has a catchment of about 20 sq. miles. This will 
shortly be surveyed and an estimate submitted in due time. There is .also a 
small but well definite nallah to the North of Chandiii that loses itself in the 
plain to the South of Gujner about 3 miles or 4 miles away from the latter 
place. Here too I would advocate a bund, the soil in parts is very culturable 
and even if the water dries up quickly the bed could be easily cultivated 
during the Eabi. 

O - • V 

2. For the greater part of the Magra District from ]Madh to Cliandni 
and further South and from Bithnok to Ghandni, a better way of meeting the 
problem in my opinion will be by small storage Tanks. 

These are properly not for Irrigation purposes, but simply to store in 
^ each tank sufficient w.ater during the rains, which by the end of October 
or by the 15th of November will leave their beds sufficiently moist to allow 
of Rabi crops being sowed, trusting to winter rains for their comificte 
maturity. 

3. The country there consists of well defined broad plateaux with a 
general and gentle declivity to some central depressions. It is evident that 
except at an enormous cost it will be impossible to collect all tiio rainfall that 
falls oh such plateaux and leading it to one main central depression where a 
bund could be made. The method besides being exceedingly expensive will 
be wasteful, the leading cuts will have to be so long, that the gre.ater part of 
the w.ater Avould be lost in its passage to the bund. The proposal now 
advanced, is to have a system of small tanks of sufficient capacity and dcptli 
to hold the drain.age of its own small catchment area and no tank should be 
more than 20 acres in extent. 

.4. • Roughly speaking, allowing 10 per cent. as the run off, a square mile 
for each 1 inch of rainfall will give 233,300 cubic feet of water and to be on 
the safe side and make sure that the tank will fill in ordinary years, it will 
be better to estimate the aver, age rainfall avail.able as 5 in. during the rainy 
se.ason. This rainfall therefore will give 1,166,500 c. ft. and limiting the 
catchment area to 2 sq. miles the amount of water available for th.at catchment 
will therefore bo 2,333,000 c. ft. The tanks must be made of one uniform 
width and in order to minimise excav.ation, 165 ft. is the maximum width 
to be adopted, it is a convenient lead also for the earthwork and the rate 



therefore cnn thus Ivc rix(Hl iiniformlj- with reference to tlmt type of tmik. 
.<npp>-in£? a tank 365 ft. wiilc is mntlc and one snilc lonp;, the hrc:\ of the 
tank n ilUx:; exactly 20 acres and the depth will be about H ft. which is cal- 
culated to he enough to hold out against the effects of evaporation and 
nhsorptioti until about the 15th of Xovember. The bed of these tanks should 
1 h’ dii^ out perfectly level cvcry%vhcrc 3 ft. deep and the earth thrown ns 
spoil below tank without dressing but roughly, 50 ft. wide and S ft. high. 
At one end of t^ach tank a g!ip conld be left in the .spoil, so tlmt supi>osing 
more water tlmn is required comes down and fdls the tank, the surplus 
could oscipe down the .slope and be caught by another smaller tank made at 
a suit.-ible distance below, 

5. I give below a tabular statement giving probable cost of tanks for 
I acre to 20 acres with their resjmetive cjitchmcnt areas, — 


Arc<i of tank 

Width. 

Length. 

Catchment 
. required. 

Probable 

cost. 

1 acre 

165 ft. 

264 ft. 

0*1 

sq. mile 

Rs. 

550 

Ik 


165 ft. 

528 ft. 

0*2 

33 

33 

1,100 

3 

31 

165 ft. 

792 ft. 

0*3 

33 

33 

1,650 

4 


165 ft. 

1,056 ft. 

0*4 

3) 

33 

2,200 

5 

?> 

165 ft. 

1,320 ft. 

0*5 

33 

33 

2,750 

6 

33 

165 ft. 

1,584 ft. 

0*6 

33 

33 

3,300 

7 

33 

165 ft. 

1,848 ft. 

0*7 

33 

S3 

3,850 

8 

33 

165 ft. 

2,112 ft. 

0*8 

33 

33 

4,400 

0 

33 

165 ft. 

2,376 ft. 

0*9 

3) 

33 

4,950 

10 

33 

165 ft. 

2,640 ft. 

1*0 

•3 

33 

5,500 

11 

33 

165 ft. 

2,901 ft. 

1*1 

33 

33 

6,050 

12 

33 

165 ft. 

3,168 ft. 

1*2 

53 

33 

6,600 

1." 

33 

165 ft. 

3,432 ft. 

1*3 

3) 

33 

7,150 

14 

33 

1 65 ft. 

3,696 ft. 

1*4 

33 

33 

7,700 

ir» 

33 

165 ft. 

3,960 ft. 

1*5 

33 

53 

8,250 

IG 

33 

165 Ft. 

4,224 ft. 

1*6 

33 

33 

8,800 

17 

33 

165 ft. 

4,188 ft. 

1*7 

33 

33 

9,350 

IS 

13 

165 ft. 

4,752 ft. 

1*8 

33 

33 

9,900 

10 

33 

1 65 ft. 

5,016 ft. 

1*9 

33 

33 

10,450 

20 

31 

165 ft 

5,280 ft. 

2*0 

33 

33 

11,000 


6. It is Imrd to say what the financial resnlt.s will ho. There is no 
d<iiibt that storing water in this way i.s not the most economical one for the 
t'-timatel cost per 3000 cubic feet coriie.s to about Hs -1, but still it will be the 
Ix^-t way of minimising jmrcolation and .absorption and tnidiing a few acres 
ftf laud culturable for R.abi crops whenever the average moiusoon rainfall 
ci'inci to 5 inches and alx^vc. 

Supiwsing the average gross province of an aero of Jlahi cultivation 
iV'ra^s to Tl«. 50 which is undereAtimated and that the Slate t.akes | of the 
groi i pfO«.!uc<\ the initurmun which a 20 acre tank v.-jl! return on its capital, Is 
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, wliicb ■'vill aripe Irom the 

Bxirplus Tvater aval q£ average rainfall- 

capital in any or m y sliould be strictly resen ec 

, Whenat.nl.oEtWsk»dtoV»ta ..U 

for odtVvaSou alone and ^aced^^ ,e„3cl,olders oE ^ a 

bcable to “'I"* «,nts can be filled, by taking 

failure, it would be J ^.oduce per acre „,,for,„ 

neertainproporBonoE ' quite an easy matter 

urnk oE 20 acres say wd^ J a»ll required, as tbe 

„iatb ‘'''“^'“‘ly^meiurement o£ '“’^Xitiont into acres fined. 

atoX-easlyportionedoutandtbcsu ^ 

8 , It a trial oE this system U to be ® ^ Irrigation 'Vork*”" 

„r,st be fined which *‘“^,nent is Diatra, “^n, absorption 

:ti|::"tlonoEaUEuture^^^^^ 

tank^b; "" 

giving fields ettuatedbelo 

also soivn- 



